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Abstract
 .The human homologue of the Drosophila discs large dlg tumor suppressor gene encodes a 926 amino acid protein,
 .hDlg, which is a member of the MAGUK Membrane Associated GUanylate Kinase homologues family of proteins. To
facilitate the development of murine model system for functional studies in vivo, the primary structure of the mouse
homologue of hDlg has been determined. Dlgh1 encodes a ;5.5 kb transcript that is ubiquitously expressed in murine
tissues. Mouse mDlg is a 927 amino acid protein that is 95% identical to hDlg and 94% identical to rat synapse associated
protein, SAP97. The unusually high conservation of the primary structure of murine and human Dlg proteins across their
distinct protein domains suggests a conserved function in vivo. q 1997 Elsevier Science B.V.
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The B lymphocyte hDlg protein was identified as
the closest human homologue of Drosophila Dlg
 . w x60% amino acid identity 1 . In epithelial cells, the
Drosophila Dlg localizes to the region of the septate
junctions, specialized structures present as apical belts
surrounding the lateral cell membrane. Dlg has been
shown to regulate the growth of imaginal discs dur-
ing larval development. Mutations in dlg result in
neoplastic overgrowth of imaginal discs with ultimate
loss of their epithelial structure and differentiation
w x  .potential 2 . Similar to the Dlg-R R-related
MAGUKs, the hDlg protein contains three PDZ do-
 .mains named for PSD95-Dlg-Z01 proteins , a Src
 .homology 3 SH3 domain, and a guanylate kinase
 .GUK domain. Immediately following the SH3 do-
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main, there is a domain that binds to the cytoskeletal
w xprotein 4.1 1,3 . In addition, hDlg contains a unique
amino terminal proline-rich domain absent in other
members of the MAGUK family. We have recently
shown that the proline-rich domain of hDlg interacts
with p56lck, a member of the Src family of tyrosine
w x lckkinases 4 . The binding of hDlg to p56 provides
the first evidence of a direct interaction between a
tyrosine kinase and a MAGUK, suggesting that the
physiological function of MAGUKs may involve
modulation of signaling pathways at the interface of
membrane cytoskeleton.
While the exact biological function of hDlg is still
unknown, most recent findings designate PDZ do-
mains as specific protein binding modules that medi-
w xate hDlg function in a variety of cell types 1,5–9 .
The two PDZ domains common to both hDlg and
 .PSD95 postsynaptic density protein directly bind to
the C-terminal cytoplasmic tails of Kq channel sub-
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w xunits 7,9 . The PDZ domains of PSD95 also interact
w xwith NMDA receptors 8 and neuronal type nitric
w xoxide synthase 5 . These data suggest that hDlg and
PSD95 may have the potential to cluster many mem-
brane-associated proteins in neurons, and localize
these signal transduction complexes at the plasma
w xmembrane 6 . In addition, it was recently shown that
the PDZ domains of hDlg also bind to the APC-b-
catenin complex, implicating a role for hDlg in the
regulation of both cell cycle progression and neuronal
w x function 10 . Since the APC adenomatous polyposis
.coli gene is mutated in a subset of familial colorectal
tumors, it is believed that the hDlg-APC interaction
w xmay be important to the APC function in vivo 10 .
 w x.The hDlg gene DLG1 1,11 was mapped to
human chromosome 3q29, a region which harbors
w xdeletions in several human cancers 11 . Following
the cloning and preliminary characterization of hDlg,
 .the mouse homologue of DLG1 Dlgh1 was mapped
w xto mouse chromosome 16 12,13 . Because of the
interesting physical map position of DLG1 with re-
spect to human cancers, we proceeded to clone and
characterize Dlgh1 with the intention of developing
an animal model for functional studies in vivo. The
Dlgh1 cDNA was isolated by reverse transcriptase
PCR using total RNA from the spleen and bone
marrow of adult C57BL6 mice. To amplify the mouse
specific cDNA, primers were chosen based on their
homology to human Dlg and rat SAP97 cDNA se-
quences. PCR products were directly ligated into the
 .pCR 2.1 TA cloning vector Invitrogen , and double-
stranded sequencing was performed using sequenase
 .modified T7 polymerase US Biochemicals as well
as vector-specific primers. Primer pair LH28-LH19
amplified a 480 bp product, primer pair LH67-LH26
amplified a 1004 bp product, and primer pair LS3-P11
amplified a 344 bp product. The sequence informa-
tion of all primers is listed in Table 1. Using these
three partial mouse cDNAs, PCR primers LS8 and
LS4 were designed and used for subsequent reac-
tions. Two fragments of different sizes 1486 bp and
.1595 bp were amplified. The larger fragment con-
tained a 99 bp insertion corresponding to insertion 1
 . w x XI1 of hDlg 1 . The 3 -terminal coding region of
X  .Dlgh1 as well as 3 untranslated region UTR which
 . Xends in a poly A tail was isolated through a 3 -RACE
w xprotocol described by Frohman 14,15 . Briefly, the
cDNA was synthesized from total spleenrbone mar-
 .row RNA using a dT -adaptor primer. An initial17
PCR amplification was carried out using the nested 3X
antisense primer specific for the adaptor and the 5X
sense primer LS15 predicted to be approximately
0.9–1.9 kb from the 3X end of Dlgh1 cDNA. A
second round of PCR amplification was then carried
out using an aliquot of this reaction, nested sense
primer LS3, and a nested antisense primer specific
for the adaptor. The PCR product was ligated and
sequenced using standard conditions. The predicted
amino acid sequence of mDlg is shown in Fig. 1. The
complete cDNA sequence has been deposited in Gen-
Bank, accession number U93309.
The pattern of expression of Dlgh1 mRNA was
 .determined by Northern blot analysis Clontech . The
membrane was pre-hybridized and then hybridized in
 . 32Rapid-Hyb buffer Amersham using a 344 bp a- P
dATP radiolabeled Dlgh1 cDNA fragment that was
 . w xamplified with primers LS3 and P11 Table 1 16 .
The membrane was stripped by boiling for 5 min at
958C in 10 mM sodium phosphater0.1% SDS solu-
tion and reprobed with a 2.0 kb human b-actin cDNA
Table 1
Oligonucleotides used for the isolation of Dlgh1 cDNA
Primer Sequence Location
LH28 TGCCCTCTTCCTGATTCT Corresponding to nucleotides 163–180 of hdlg cDNA
LH19 CCATGGACATTCTCAATC Complementary to nucleotides 620–637 of hdlg cDNA
LH67 GTGGAGAGCTCAGAAAAGGAG Corresponding to nucleotides 1696–1716 of hdlg cDNA
LH26 GGCATTTCCAGACACATCAAGG Complementary to nucleotides 2675–2896 of hdlg cDNA
LS3 CAACCATCTGTATGGGAC Corresponding to nucleotides 2432–2449 of Dlghl cDNA
P11 GCCGGAACCCAGATGTAAG Complementary of nucleotides 2935–2953 of hdlg cDNA
LS8 GAGCATTGCATCTGTTGG Corresponding to nucleotides 37–54 of Dlghl cDNA
LS4 AGTGCAGCTGCTGCTTGTT Complementary of nucleotides 1585–1603 of Dlghl cDNA
LS15 ACAACTAGACCGAAGCGTGACATA Corresponding to nucleotides 2313–2336 of Dlghl cDNA
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 .  .Fig. 1. Amino acid sequence comparison of mouse discs large mDlg , human discs large hDlg , and rat synapse-associated protein
 .  .SAP97 . The nucleotide sequence of mDlg cDNA has been deposited in GenBank U93309 . Sequences were aligned using the DNAstar
 .MEGALIGN Lasergene program. Note that SAP97 contains a truncated protein 4.1 binding domain and is not expected to bind protein
4.1.
32 w xcontrol probe radiolabeled with a- P dATP 17,18 .
We detected a 5–5.5 kb band corresponding to Dlgh1
mRNA in heart, brain, spleen, lung, liver, skeletal
 .muscle, and kidney Fig. 2 . Taking into account the
variation in the amount of loaded mRNA by normal-
.isation with the b-actin RNA pattern , we conclude
that the similar amount of Dlgh1 mRNA is expressed
at a similar level in all tissues except in spleen and
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Fig. 2. Northern blot analysis of mDlg. Membrane containing
mRNA of murine tissues was obtained from Clontech Inc. Neces-
sary experimental details are included in the text. Note that the
 .amount of mouse discs large mDlg mRNA is significantly less
in spleen and testis as compared to other murine tissues.
 .testis Fig. 2 . The nucleotide sequence determined
for Dlgh1 cDNA is 3150 bp including 2781 bp of
murine coding sequence GenBank accession number
.U93309 . The mDlg protein contains 927 amino acid
 .residues Fig. 1 . According to the DNAstar ME-
 .GALIGN Lasergene program, mDlg shares 95%
w xamino acid sequence identity with human Dlg 1 ,
w xand 94% sequence identity with rat SAP97 19 .
These identities are clustered in the six regions highly
 .conserved among hDlg, mDlg, and SAP97 Fig. 1 .
 .The first region amino acid residues 1–161 shows
83% identity, the function of this region is unknown.
The second region of similarity amino acid residues
. 162–212 , which shows 80% identity 96% between
.mDlg and SAP97 , and defines a proline rich domain
now known to mediate mDlg binding to tyrosine
lck w xkinase p56 in T cells 4 . The third region contains
three PDZ domains amino acid residues 222–310,
319–405, and 464–546 of hDlg and mDlg, amino
.acid residues 222–310, 318–404, 463–545 of SAP97
which display 97% amino acid identity. The fourth
region of similarity amino acid residues 583–648 of
.hDlg and mDlg, 582–647 of SAP97 contains 97%
identical amino acid residues and conforms to a
consensus sequence for a SH3 domain. Exclusive to
hDlg and mDlg is a fifth region of 100% identity
amino acid residues 670–703 of mDlg, 669–702 of
.hDlg , which serves as the high affinity protein 4.1-
 .binding site I-3 . The sixth region, represented by
the last 210 amino acid residues, shows 94% identity
to the GUK-like domain described previously in hDlg
w x w x1 and rat SAP97 19 .
The relatively high level of amino acid sequence
conservation of mDlg with respect to these other
species argues for an important function of this pro-
tein. Interestingly, mDlg sequence comparison analy-
sis indicates that mouse Dlg is a true homologue of
human Dlg by virtue of a shared protein 4.1-binding
domain. Since this domain is not reported in rat
SAP97, we predict that protein 4.1 may not bind to
SAP97. The primary structure of mDlg has allowed
us to construct a partial genomic map of murine
Dlgh1 locus. Using this map, we have made a target-
ing construct of Dlgh1 that is expected to shut off
mDlg expression in vivo. The development of a
mouse model will undoubtedly assist us in the under-
 .standing of the physiological function s of mDlg and
ultimately hDlg in human development and disease.
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